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Abstract

Background: Efavirenz is associated with side effects involving the central nervous system. 

However, it remains largely unknown whether switching off EFV improves neuropsychological 

performance.

Methods: We utilized data from the Multicenter AIDS Cohort Study (MACS). Participants were 

categorized by their use of EFV: never on EFV (No EFV), continuously on EFV (No Switch-OFF) 

and on EFV and then switched off (Switch-OFF). Baseline time points were defined as visits when 

first neuropsychological data were available. In Analysis 1, we compared neuropsychological and 

Center for Epidemiological Studies-Depression (CES-D) scores before and after EFV switch in 

Switch-OFF group, aligning participants at the time of switch. Analysis 2 evaluated trajectory of 

neuropsychological/CES-D score among the three groups.

Results: This analysis included 1,989 HIV-seropositive participants with neuropsychological 

data (1,675 in No EFV, 44 in No Switch-OFF, and 270 in Switch-OFF group). At baseline, 

participants had a median age of 37 years, median CD4 cell count 442 cells/μL, and 22.9% viral 

suppression rate. In Analysis 1, neuropsychological and CES-D scores did not show clinically 

significant changes over two years prior to and four years after switch in Switch-OFF group. In 

Analysis 2, trends in neuropsychological and CES-D scores in the three different groups did not 

show significantly differences during a median of 3.2 years of follow up.
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Conclusion: Discontinuation of EFV is not associated with changes in neuropsychological 

performance or severity of depression in men. Furthermore, we did not observe differences among 

participants who were never on EFV, continuously on EFV, and on EFV and then switched off.

Keywords

Efavirenz; HIV; neuropsychological function; depression; HIV-associated neurocognitive 
disorders

Introduction

Efavirenz (EFV)-based antiretroviral therapy (ART) (Tenofovir+ Emtricitabine+ EFV, 

Atripla®) was a first line ART regimen until 2015 [1]. One of the major concerns for EFV is 

central nervous system (CNS) toxicity including neurocognitive dysfunction[2], nightmares, 

and suicidality [3]. Despite this, some people living with HIV in the United States or other 

developed countries are still on Atripla. Moreover, EFV is still recommended as first-line 

regimen in low- and middle-income countries by World Health Organization[4]. Although 

prior studies have focused on EFV and neurocognition, these studies have been cross-

sectional and retrospective in nature. For example, in a retrospective study, EFV compared 

to Lopinavir/ritonavir (LPV/r) use was associated with poorer neurocognitive function 

(speed of information processing, verbal fluency, and working memory) [2]. In another cross-

sectional single-center study, EFV use was associated with four-fold odds of having HIV-

associated neurocognitive disorders (HAND) [5]. There is scarce evidence regarding changes 

in neurocognitive function, suicidality and mood after switching EFV-based regimen to 

EFV-free regimen. In a recent randomized study, during 48 weeks of follow-up, switching 

from EFV-based regimen to darunavir/ritonavir-based regimen was associated with 

improvement in depressive symptoms and sleep quality, but it does not show significant 

changes in neuropsychological function or quality of life. However, this study recruited only 

a small number of subjects and had short follow-up period [6]. Another Phase IV open label 

study involving 16 subjects who switched off EFV showed that discontinuation of EFV was 

not associated with improvement in neurocognitive function; however, this study is also 

limited by its small sample size [7]. Given that EFV is still widely used in many low- and 

middle-income countries as first-line regimen, it was more important to evaluate the impact 

of EFV switch on neurocognitive effect with longer follow-up and a larger sample size.

Methods

Participants

MACS is a multicenter cohort study enrolling men who have sex with men with HIV 

infection or at risk of HIV infection. Each participant in the MACS was followed every six 

months for the assessments of neuropsychological functioning and depressive symptoms and 

every two years for comprehensive neuropsychological battery [8]. The current study used 

the following data that were obtained by April 2017 from the MACS. Participants had to 

have neuropsychological data available in order to be included in this study. This cohort 

study was conducted with the understanding and the consent of each participant. The 
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protocols were approved by ethical committee in each study site. Baseline was defined as the 

time point when the first neuropsychological scores were available.

Participants were prescribed EFV at the discretion of their own health care providers. EFV 

use is based on self-report during each visit. Participants were divided into three groups. The 

first group included participants who had never been on EFV (No EFV group). The second 

group included participants who had been using EFV without switching off (No Switch-OFF 

group). The third group (Switch-OFF group) included participants who were started on EFV 

and then were switched off.

Neuropsychological tests and depression scale

The neuropsychological battery included measures of the following cognitive domains, as 

described in previous studies: Working memory and attention (two indices from a choice 

reaction time test), Learning (Rey Complex Figure Test - Immediate Recall, Rey Auditory 

Verbal Learning Test - Sum of Trials 1–5), Motor speed and coordination (Grooved 

Pegboard), Executive functioning (Trails B, Stroop Interference), Speed of information 

processing (Symbol Digit Substitution Task, Stroop Color Naming), and Memory (Rey 

Complex Figure Test - Delayed Recall, Rey Auditory Verbal Learning Test - Delayed 

Recall) [8]. T-scores were computed for each domain, which were derived from statistical 

models using normative data from HIV seronegative subjects. For each participant, T-scores 

were adjusted for age, ethnic group, education level, and number of times the test had been 

repeated. Then, by averaging all available T-scores in each of the six cognitive domains (for 

the Motor domain, the lower score of the dominant and non-dominant hand trials of the 

Grooved Pegboard was used), a summary T-score was reported for each domain. Scores 

were scaled to be of mean 50 and of standard deviation 10. In case of extreme large or small 

values, T-scores were truncated below at 10 or above at 90.

In this study, participants were classified as asymptomatic neurocognitive impairment 

(ANI), minor neurocognitive disorder (MND) and HIV-associated dementia (HAD), 

according to the Frascati criteria for HIV-associated neurocognitive disorder (HAND) as 

illustrated in previous report from MACS [8].

Depression was evaluated during follow-up visit by using The Center for Epidemiological 

Studies Depression (CES-D) score [9]. This score has been validated in HIV population 
[10, 11]. A total CES-D score summing over all 20 items provides a measure of the severity of 

depressive symptoms for each subject, ranging from 0 to 60.

Statistical Analysis

In MACS, a participant may have switched on and off EFV multiple times, and his last 

switch off was included in the analysis. Baseline time point was defined as visits when first 

neuropsychological data were available.

We performed two analyses. In Analysis 1, we focused on participants who switched off 

from EFV (Switch-OFF group) and aligned them up at the time of switch (designated the 

switch point as Time 0) to examine their neuropsychological domain scores and CES-D 

scores before and after the switch. We set the time frame to be two years before and four 
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years after switching off from EFV, in order to include enough visits with the NP measures. 

We used chi square tests for categorical variables, and Kruskal-Wallis rank sum test for 

continuous variables to compare baseline characteristics between groups. Spaghetti plots 

were generated for each of six neuropsychological domain scores and the CES-D two years 

before and four years after the switch point. Lowess smoothing curves were fitted and 

superimposed on the spaghetti plots. We also fitted linear mixed effects models (LMEMs) to 

the repeated measures of the six domains of neuropsychological function and the CES-D 

score to examine the change of each of these seven scores before and after switching. 

Because some subjects may have multiple measurements before or after the switch, variance 

originated from repeated measures from the same subject was considered in the LMEMs.

In Analysis 2, participants were classified into three groups as described: No EFV, No 

Switch-OFF and Switch-OFF. For each group, similar spaghetti plots were created as 

described in the previous paragraph. However, subjects were aligned at their first visits when 

neuropsychological scores were available. Multiple points of the same subjects were 

connected and Lowess smoothing curves were again fitted by neglecting the potential 

dependence among repeated measures from the same subject. To have better visualization, 

only three Lowess averaging curves were plotted for each domain score and the CES-D in 

Figures 2 to illustrate the different patterns in these three EFV groups, and 95% confidence 

intervals were included.

For neuropsychological domain specific T-scores, it is assumed that they are normally 

distributed and extreme values are truncated within reasonable ranges (10–90). For CES-D 

scores, despite that its distribution is right-skewed, the LMEM is rather robust against the 

departure of normality. Plots and demographics were created in R 3.4.1. LMEMs were fitted 

in SAS 9.4 (Cary, NC).

Results

Baseline characteristics

This analysis included a total of 1,989 HIV-seropositive participants with 

neuropsychological data (Table 1) with a median of 3 years of follow up (11,667 person-

years). Among them, 1,675 participants had never been on EFV (No EFV), 44 had been on 

EFV and did not switch off (No Switch-OFF), and 270 were on EFV and later switched off 

(Switch-OFF). Participants included in this study had a median age of 37 years, and 48.92% 

had an education level higher or equal to college degree. Median CD4 cell count was 442 

cells/μL. 512 participants were on combination ART at baseline and 355 of them had 

suppressed viral load, with a viral suppression rate 69.33%. Baseline percentage of HAD in 

No EFV, Switch-OFF, and No Switch-OFF groups were 3.24%, 4.09% and 2.78% 

(P=0.197). Baseline median CESD scores were 9, 9 and 6 in No EFV, Switch-OFF, and No 

Switch-OFF groups, respectively (P=0.164).

We also compared participants who were included versus excluded from this study due to 

lack of neuropsychological data. Those who were included were slightly younger (33.8 vs. 

32.1 years), less likely to be Caucasian (69.23% vs. 79.88%), with higher baseline viral 

suppression rate (19.93 vs. 8.24%) and higher baseline CD4 cell count (585 vs. 546 ml/μL). 
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Participants also tended to have lower rate of hepatitis C and hepatitis B coinfection rate, 

recreational drug use rate and alcohol use disorder in inclusion group (Supplementary Table 

S1).

Analysis 1: Neuropsychological and CES-D scores before and after EFV switch

We evaluated neuropsychological and CES-D score two years prior to and four years after 

EFV switch in Switch-OFF group. Viral suppression rate at the switch point was 67% and 

median CD4 cell count was 548 cells/μL. For each neuropsychological domain, mean T 

scores did not show statistically significant changes over time (Figure 1). Even after 

stratification by baseline depression level (CES-D score below or above 16), both strata 

showed similar trends without significant changes in neuropsychological scores (results not 

shown). We observed similar trends from the CES-D Spaghetti plot (Supplementary Figure 

S1A). In a sensitivity analysis only including participants with viral suppression prior to 

EFV switch, neuropsychological scores (Supplementary Figure S2) as well as CES-D scores 

remained largely stable before and after switch.

We then conducted LMEMs after visual representation, where observations within the same 

subject were treated as repeated measures and compound symmetric covariance structure 

was assumed for this. For all six cognitive domains, the T scores before and after EFV 

switch were all within the range from 40 to 50 and did not show statistically significant 

differences after switch (Table 2). Similarly, CES-D score did not change significantly after 

EFV switch (Table 2). In addition, we also did sub-analysis in participants with viral 

suppression before switch and discovered no significant changes before and after EFV 

switch (Supplementary Table S2). We also stratified our analysis in Table 2 by different sub-

cohorts (enrolled before 2001 vs. after 2001) and did not find any association between 

cohorts and neuropsychological score changes (results not shown).

Analysis 2: Comparison of neuropsychological and CES-D scores in different groups

We next compared trends in neuropsychological and CES-D scores in the aforementioned 

three different groups. As shown in Figure 2, neuropsychological scores for different 

domains did not differ significantly between different groups during follow-up and scores 

from all groups were oscillating within 50 ±10 range and overlapping 95% confidence 

intervals. Similarly, CES-D score followed similar patterns in three groups without 

significant difference. (Supplementary Figure S1B).

Discussion

In this multicenter cohort study of men, we demonstrated that participants on EFV-based 

regimen did not experience significant changes in their neuropsychological function or 

depression severity after discontinuation of EFV. Furthermore, trends of neuropsychological 

function or depression severity were comparable in participants who switched off EFV, 

continuously on EFV and never on EFV.

In terms of the natural history of HAND, a recent study from MACS revealed that 77% of 

participants with HAND at baseline remained at the same stage during four years of follow-

up. This study indicated that HAND in general is not a progressive process as long as viral 
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suppression is achieved [8]. However, it has been disputable whether EFV use will alter the 

progression of neuropsychological deficits. A randomized study conducted by Clifford et al. 

showed that changes in neuropsychological score were comparable between participants 

randomized to EFV and non-EFV arms, without statistical significance at any time point 

during 24 weeks of follow-up [12]; even after extending their observation to 184 weeks, EFV 

group and non-EFV group had similar changes in neuropsychological score [13]. A small 

study enrolling 16 subjects demonstrated no significant changes in neurocognitive function 

after switching EFV to LPV/r-based regimen for 10 weeks, along with brain activity and 

metabolites (evaluated by proton magnetic resonance spectroscopy and functional magnetic 

resonance imaging) [7]. These findings are consistent with our analysis. On the contrary, in 

an early study by Robertson et al., 167 participants who have been on ART for 4.5 years 

(median) underwent ART interruption; they observed significant improvement in 

neuropsychological function over 96 weeks and when stratified by EFV use, 

neuropsychological z scores were improved by 0.67 and 0.96 in non-EFV and EFV groups, 

respectively, indicating a statistically significant but clinically minor changes. However, in 

this study, backbone regimens were zidovudine or stavudine, which are currently not first-

line regimens [14].

Similarly, severity of depression did not significantly change after EFV discontinuation. A 

previous randomized crossover study (n=58) involving participants with stable viral 

suppression on EFV demonstrated that, before and after crossing over EFV with etravirine 

(ETR), depression, anxiety, sleepiness or sleep quality did not significantly change [15]. This 

observation is also supported by a recent study in Uganda, in which EFV compared to 

nevirapine is not associated with increased risk of depression or suicidality[16]. Another 

earlier randomized trial to compare EFV and non-EFV regimen did not find differences in 

terms of depression or anxiety [12]. A retrospective study enrolling 281 ART-naïve HIV-

positive participants demonstrated that EFV use was not associated with depression after 12-

month ART compared to other non-EFV based regimens (adjusted odds ratio 0.9, 95% CI, 

0.4–1.8) [17]. Similarly, an analysis from the Agence Nationale de Recherches sur le SIDA et 

les Hepatites Virales 099 study, a 48-week randomized trial, did not show the association 

between EFV use (compared with protease-inhibitor) and depression [18]. In contrast, an 

observational study by Mothapo et al. suggested that EFV discontinuation was associated 

with improvement in neuropsychiatric performances among symptomatic patients on EFV; 

however, this study had small sample size (n=23) and this study lacked of comparison arm 
[19].

Our study has several strengths. First, we were able to compare the trajectories of 

neuropsychological and CES-D scores before and after EFV discontinuation while many 

prior studies could only evaluate the trajectories after EFV discontinuation. Second, we were 

able to compare the neuropsychological and CES-D scores changes in three different groups 

(No EFV, Switch-OFF, No Switch-OFF) and demonstrated that these three groups had 

similar trajectories, further supporting our conclusion that EFV use is not associated with 

neuropsychological and CES-D scores changes. Third, we utilized data from a large, 

multicenter cohort study with long follow-up duration.
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There are a few limitations in this study. First of all, this is a cohort study only including 

men, which is less suitable for demonstrating causal associations and prone to selection bias. 

EFV plasma level is unavailable in this analysis, and thus we could not further demonstrate 

whether EFV level may be associated with changes in neuropsychological or depression 

scores [20]. We did not have sleep quality data (including vivid dreams, insomnia) available 

in this analysis, and sleep quality can be affected by EFV use in a dose-dependent 

manner[20, 21], and previous studies demonstrated that EFV discontinuation was associated 

with improvement in sleep disturbances [22, 23]. There were only 44 participants in the No 

Switch-OFF group, and we could not rule out the possibility that this group of people are 

inherently tolerant of the side effects of EFV. We also did not include single-nucleotide 

polymorphism (SNP) in the CYP2B6 gene data, which is closely associated with EFV 

metabolism and its neurotoxicity [24, 25].

In conclusion, we utilized MACS data to demonstrate that EFV discontinuation is not 

associated with significant changes in neuropsychological performance or depression 

severity. In addition, participants who remained on EFV had similar neuropsychological 

performance and depression severity during follow-up when compared with those who were 

switched off or never on EFV. Our study indicates that it may not be absolutely necessary to 

switch EFV-based regimen to other regimens due to neuropsychological concerns, especially 

in people with mild or no baseline neuropsychological symptoms.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Scores of six neuropsychological domains before and after switching off Efavirenz (95% 

confidence intervals included).
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Figure 2. 
Longitudinal comparison of neuropsychological scores in No EFV, Switch-OFF, and No 

Switch-OFF groups (95% confidence intervals included).
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Table 2.

Neuropsychological and CES-D mean scores before and after EFV switch (with 95% confidence intervals).

n Mean before switch Mean after switch P Value

Neuropsychological scores

 Motor 220 45.08 (43.28,46.88) 43.97 (42.49,45.45) 0.16

 Speed 221 48.68 (47.28,50.07) 48.36 (47.16,49.56) 0.56

 Memory 221 49.32 (47.91,50.73) 48.63 (47.42,49.84) 0.22

 Working memory 215 47.97 (46.47,49.47) 47.54 (46.31,48.78) 0.51

 Executive functioning 221 47.97 (46.40,49.55) 47.97 (46.60,49.34) 0.99

 Learning 221 49.40 (47.93,50.87) 48.69 (47.44,49.94) 0.24

Depression score

 CES-D 218 15.08 (13.15,17.01) 13.72 (12.12,15.33) 0.11

All are modelled separately. Confident intervals are of 95%

EFV, efavirenz; CES-D, Center for Epidemiologic Studies Depression Scale.
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